Depth distribution profile of martensite phase observed by transmission electron microscope in ion implanted metals by Gustiono , Dwi
  
e
 
D
 
1
2
 
R
 
 
A
 
I
i
T
f
t
c
 
 
 
 
(
i
c
a
e
f
l
t
i
c
t
C
i
a
(
a
t
o
o
 
*
E
 
Depth dis
lectron m
wi Gustiono 1,
Ibnu Sina Institute f
Badan Pengkajian d
eceived 26 March 2
BSTRACT 
n this work, trans
mplanted austenit
RIM computer s
ocused ion beam 
he nano-martensi
oncentration take
| Transmission ele
1. INTRO
 
Martens
bcc) in auste
mplantations 
onversion ele
17/7 stainless 
nd the stainle
stablished tha
or these trans
evels in the im
he transforma
nert-gas ions, 
ontaining the 
emperature [3
α stabilizing 
r) will only 
mplant concen
stability of the
nalysis was 
RBS)/channel
section transm
ustenitic stain
hat the marten
f stress origin
f solid crystal
Corresponding auth
Universiti Teknologi
-mail addresses: gu
 
tribution 
icroscop
2* 
or Fundamental Scie
an Penerapan Tekno
011, Revised 10 Ap
mission electron m
ic stainless steel i
imulation based o
(FIB). TEM obse
te mostly nucleate
s place so that this
ctron microscope 
DUCTION 
itic phase tran
nitic stainless 
[1-8]. An inve
ctron Mossba
steel implante
ss steel consti
t the primary c
formations co
planted layer
tion was obs
known to form
heavier inert g
,9]. On the oth
stainless steel
lead to marten
trations about
 implanted lay
done by in-s
ing analysis, 
ission electro
less steel imp
sitic transform
ated from the 
line Xe inclus
or at Ibnu Sina Insti
 Malaysia, 81310 UT
stiono@ibnusina.utm
  Journa
Journa
availa
profile of 
e in ion i
nce Studies, UTM, 8
logi, Jalan. MH TH
ril 2011, Accepted 1
icroscopy (TEM
s presented. The t
n the Monte-Carl
rvation on the ion
d at the region n
 stress introduced
| Ion Implantation
sformation fro
steels can be
stigation was 
uer spectrosc
d with inert g
tuent element 
ontribution to
mes from reli
 [3]. The high
erved after im
 highly press
ases in the so
er hand, impla
 constituent e
sitic transform
 10-15 at.%, w
er is totally a
itu Rutherfor
X-ray diffrac
n microscopy
lanted 230 keV
ation is induc
presence of de
ions on top of 
tute for Fundamenta
M Skudai, Johor, M
.my (Dwi Gustiono
l of Fundamental
ISS
l of Fun
ble online at 
martensi
mplanted
1310 UTM Skudai, J
amrin 8 - Jakarta 10
0 May 2011, Availab
) observation resu
hickness of 200 k
o program. After 
 implantation ind
ear the surface oc
 due to the implan
|  Metals | Depth d
m γ (fcc) to 
 induced by 
carried out us
opy (CEMS) 
as (Kr, Ar) io
(Fe, Ni, Cr) io
 the driving fo
ef of high str
est efficiency
plantation w
urized inclusio
lid phase at ro
ntations with 
lements (Fe a
ations when 
here is the ph
ltered [3,10]. 
d backscatter
tion, and cro
 (XTEM) to 
 Xe+ ions fou
ed by high le
nse distributio
a much thicker
l Science Studies, 
alaysia. 
 Riban) 
 Sciences Vol. 7, N
 
 
N 1823-626X 
 
dament
 
http://jfs.ibnu
 
 
te phase o
 metals 
ohor, Malaysia 
340, Indonesia 
le online 28 June 20
lts from a depth d
eV high-energy io
the implantation,
uced layer reveled
curred the higher 
ted ions act as a d
istribution profile
α 
ion 
ing 
in 
ns 
ns 
rce 
ess 
 of 
ith 
ns 
om 
the 
nd 
the 
ase 
An 
ing 
ss-
the 
nd 
vel 
ns 
  
layer w
about 
martens
gradual
[12]. H
martens
I
case o
concent
importa
transfor
2. E
   
C
304 stai
been m
vacuum
water. A
After th
foil ring
keV Ga
coated 
milling 
each of
process
process
20 µm i
 
o. 1 (2011) 52-56
al Scien
sina.utm.my
bserved 
 
11 
istribution profile
n implantation ind
 the specimens w
 that nano-marten
concentration gra
riving force for th
 | Martensite | 
®
here is the pre
5 GPa [11]. 
itic transform
ly driven to la
owever, the 
itic transforma
n the present 
f ion implan
ration gradien
nt rule for t
mation. 
XPERIMENT
ross-sectional
nless steels pl
echanically p
 for 30 minu
fter that the s
e implantation
 to be milled 
+ ions, each o
by W layer to
with 30 keV 
 specimen to
es, namely the
es by ion beam
n thickness, th
. 
ces 
by transm
 of the nano-mart
uced layer until 1
ere attached to thi
site is distributed
dient of implante
e transformation. 
 
 2011 Ibnu Sina I
ssure in the i
It has been
ation nucleate
rger depth wit
driving force
tion remain un
study would 
tation by sta
t of the impl
he driving fo
AL  
 specimens we
ate sized 2 x 0
olished and a
tes, and then
pecimens wer
, the specimen
by FIB. Befor
f implanted su
 protect the 
Ga+ ions by 
 be milled n
 first and the 
 to prepare th
e third ones is
ission 
ensite occuring in
50 nm as calculat
n foil ring to be
 until80 nm unde
d ion, namely hig
nstitute. All rights
nclusions is d
 established 
s at the surfa
h increasing io
 responsible 
certain. 
be revealed th
bilizer ion (
anted ions pl
rce of the m
re made from 
.5 x 0.07 mm
nnealed at 13
 directly que
e implanted b
s were attach
e milling proc
rfaces to be m
surface damag
FIB. In this p
eed four step
second ones ar
e specimen wi
 milling by ele
 
 titanium 
ed by the 
milled by 
r surface. 
her stress 
 reserved. 
etermined 
that the 
ce and is 
n fluence 
for these 
at in the 
Ti+), the 
ays more 
artensitic 
the SUS-
3 and had 
23 K in 
nched in 
y Ti+ ion. 
ed to thin 
ess by 30 
illed was 
e during 
rocedure, 
s milling 
e milling 
th 40 and 
ctron  
 b
a
d
a
d
w
p
C
d
d
c
e
d
h
d
p
m
i
eam to get sp
step is polishin
The ion
5x1020 Ti+ ion
n ion accelera
ue to highen
bout 50 K. T
istributed du
ith TRIM co
1. Calculation
enetration ha
arlo compute
1980. It has be
amage distri
istributions o
omputer pro
fficiency an
istributions o
igh precise w
Clarific
istribution e
rogram is c
easurement b
mplanted regi
 
 
 
Figure 1: D
 
 
 
 
 
 
 
 
 
ecimen with1
g by electron 
 implantation
s m-2 at 200 k
tor. The possi
ergy ion irrad
he implanted 
ring 200 keV
de from the su
 of the ran
s been made 
r program by 
en developed
butions as w
f backscatter
gram provide
d is also u
f a variety of 
ith the experim
ation to the
stimated with
arried out by
y an energy d
ons, which is e
epth distributio
a
  Gustiono / J
µm in thickne
to 0.1µm in thi
 was carried 
eV in room te
ble local temp
iation was sug
ion range and
 in stainless 
rface, as show
ge distributi
with the form
Biersack and 
 for determinin
ell as angu
ed and transm
s particularly 
sed to calcu
ion/target com
ental profiles
 calculation 
 the Monte-
 the chemic
ispersive X-ra
quipped with 
n profile of ions
ustenitic stainle
ournal of Fundam
ss and the fou
ckness. 
out to dose 
mperature usi
erature increas
gested less th
 vacancies ran
steels calculat
n in the Figur
on of the i
alism of Mon
Haggmark [3]
g ion range a
lar and ener
itted ions. T
high compu
late the ran
binations show
. 
of the ran
Carlo compu
al compositio
y (EDX) for t
a TEM.  
 and vacancies a
ss steel are calcu
ental Sciences Vo
| 53 | 
rth 
of 
ng 
ed 
an 
ge 
ed 
es 
on 
te-
 in 
nd 
gy 
he 
ter 
ge 
n 
ge 
ter 
ns 
he 
The be
TEM c
Therefo
expecte
the rang
done. T
carried 
comput
the Figu
T
2000FX
3. R
 F
correspo
sectiona
an inter
layer (d
defects 
milling 
figure 2
a phase 
 
 
 
fter implantatio
lated using TR
l. 7, No. 1 (2011)
st condition o
orresponding 
re, distributio
d less than 150
e distribution
he calculation
out by TRIM
er program an
re 1. 
he TEM inve
 and JEOL JE
ESULTS & 
igure 2 sh
nded SAD 
l specimen. F
face between m
ark region). M
induced ion b
use FIB. How
(b), the specim
transformation
 
n of 200 keV Ti
IM code comput
 52-56. 
f a specimen 
to thickness
n range of th
 nm. Thus the
 by TRIM co
 of the range
 code based
d the calculat
stigations we
M-2010F TEM
DISCUSSIO 
ows a brig
pattern of an
igure 2(a) sho
atrix (bright 
atrix region ne
ombardment 
ever, accordin
en had γ phas
. 
 
 ions to dose of 
er program 
would be obs
 less than
e implanted 
oretically calc
de was import
 distributions 
 on the Mo
ion results is 
re performed 
 operated at 2
ht field im
 un-implante
ws a microstr
region) and tun
ar the surface 
during W co
g to the SAD 
e and was not 
5 x 1020 ions/m
erved by 
150 nm. 
ions was 
ulation of 
ant to be 
has been 
nte-Carlo 
shown in 
by JEOL 
00 kV 
age and 
d cross-
ucture of 
sten (W) 
has some 
ating and 
pattern in 
found yet 
-2 onto 
  
c
a
p
t
T
a
c
h
u
u
i
p
p
t
t
t
f
p
 
w
a
b
c
t
c
r
r
o
3
t
i
c
t
r
t
 
 
 
Figure 2: (a) T
 
Figure 
orresponding 
specimens imp
5x1020 ions m
long outer su
rotection from
itanium ion i
RIM calculat
bout 150 nm
oncentrated a
and, titanium
nder near the
nder near th
ndicated by a
hase transfor
hase to base
heir SAD p
ransformation
ransformation
rom 10 nm un
lane specimen
Figure 
ith ion and v
t 300 keV, w
y EDX. Th
alculated by T
he nano-mart
oncentration 
esults show th
egions less of
f TEM for cro
00 keV Ti+ 
emperature. T
s not coincid
oncentration, 
hat the mart
elated to the
ransformation
EM bright field
3 shows a br
SAD pattern
lanted with 
-2 at room te
rface is W coa
 the damage
mplantation h
ion, some vaca
 under near th
t 50 nm under
 ions insert 
 surface and th
e surface. Th
rrow and suffi
med from fac
 centered cub
atterns as se
 is called
. The martens
til 200 nm as 
 after implant
4 shows dept
acancie range
ere calculated
e depth dist
RIM code clo
ensite were in
gradient of ion
at the Ti+ ion
 5 wt%. Figur
ss-sectional o
ions to dose
he location of
ent with the
and the vaca
ensite phase 
 implanted T
 seem to be 
  Gustiono / J
 image of onto a
ight field ima
s for cross-
200 keV Ti+ 
mperature. T
ting layer whi
 during FIB f
as high energ
ncies were cre
e surface and
 near the surfa
onto the matr
ey were conce
e dark contr
xed to α is pa
e centered cub
ic (bcc/α) ph
en in the fi
 with ma
ite phase has 
seen in TEM o
ation at same d
h distribution
s produced by
 by TRIM co
ribution profi
se to measure
duced in the
s and vacanci
 concentration
e 5 shows a b
f the specimen
 of 5x1020 io
 the nano-mar
 peaks of th
ncies. This fa
transformation
i+ concentra
started at surf
ournal of Fundam
ustenitic stainle
ge of TEM a
sectional of 
ions to dose 
he dark contr
ch coated for 
abrication. Af
y, according 
ated in the ran
 the vacancies
ce. On the ot
ix until 150 
ntrated at 75 
ast near surfa
rts of matrix h
ic (fcc/γ matr
ase according
gure 3(b). T
rtensitic ph
variation in si
bservation to 
ose [13]. 
 profiles rela
 Ti+ implantat
de and measu
les of Ti+
d by EDX. All
 range has h
es. EDX analy
 in the implan
right field ima
s implanted w
ns m-2 at ro
tensite nuclea
e implanted 
ct might sugg
 is not direc
tion. The ph
ace region aw
ental Sciences Vo
| 54 | 
ss steel 301SS b
the matrix  
nd 
the 
of 
ast 
the 
ter 
to 
ge 
 is 
her 
nm 
nm 
ce 
as 
ix) 
 to 
his 
ase 
ze, 
the 
ted 
ion 
red 
ion 
 of 
igh 
sis 
ted 
ge 
ith 
om 
ted 
Ti+ 
est 
tly 
ase 
ay 
from th
larger T
gradien
caused 
stress 
calculat
caused 
increasi
implant
make e
induced
suggest
larger c
transfor
implant
 T
have po
to the
implant
point de
as preci
third i
changes
investig
[1,2,3,1
GXRD,
not sign
because
inducin
and sta
constitu
stabiliza
accorda
experim
by both
gas ion
damage
effects 
l. 7, No. 1 (2011)
efore implantat
e peak positio
i+ concentrat
t) which may g
by lattice stra
difference e
ed from Ti+ 
at about 30
ng the interna
ation may hel
stimation abou
 this transform
ed that the st
oncentration 
mation as r
ations. 
here are three
ssibility to co
 martensitic 
ation. The fir
fects, the seco
pitation or dis
s implantatio
 and alloying 
ation results
1,12] and Ha
 RBS and DC
ificant in the
 implantation 
g the transfor
bilizer ion 
ent element i
tion of the m
nce with 
ental results t
 light(H+, He+
s revealed als
 is less sign
because the m
 52-56. 
ion and (b) SAD
n of highest T
ion differenc
ives rise the lo
in due to emb
stimated fro
concentration 
-40 nm in d
l stress introd
p the transform
t the main st
ation. Howe
ress contribut
gradient play 
evealed in t
 main effects
ntribute as a d
transformati
st is primary 
nd is seconda
persion of the 
n-induced c
effects. The p
 were done
yashi et al [
EMS revealed
 case of iner
of inert gas i
mation than c
implantations.
ons and stabil
artensitic pha
the Schaeffl
o austenitic st
, D+) and hea
o that the effe
ificant than 
artensitic tran
 
 patterns corres
i+ concentratio
e (larger con
cal stress con
edded Ti+. T
m stress di
in stainless 
epth. Further
uced by dama
ation. It is d
ress as a driv
ver, the prese
ed from the r
important rul
he case of 
 [4,5,11] are 
riving force re
on induced 
radiation dam
ry damage ef
implanted ion
hemical com
resent and the
 by Johnso
4,5,10,13] usi
 that the third
t gas ion imp
on is more e
onstituent elem
 Ion implan
izer ions func
se induced the
er’s diagram
ainless steels 
vy (Ar+, Kr+, 
ct of primary
the secondary
sformation in
ponded to 
n, that is 
centration 
centration 
he largest 
stribution 
steel was 
more the 
ge due to 
ifficult to 
ing force 
nt results 
egions of 
e for the 
Ti+ ion 
suggested 
sponsible 
by ion 
ages and 
fects such 
s, and the 
positional 
 previous 
n et al 
ng TEM, 
 effect is 
lantations 
fficient in 
ents ion 
tation by 
tioned to 
 stress in 
. Their 
implanted 
Xe+) inert 
 radiation 
 damage 
duced by 
 H
h
p
i
i
d
i
t
t
t
t
t
F
a
 
e+ ion implan
eavy inert ga
eak of X-ray
n a 17/7 and17
ons m-2. The
iffraction pea
s about 5 GPa
he solid phas
he implanted 
he other hand
he previous 
ransformed re
 
Figure 3: (a)
 
 
 
igure 4: Dept
ustenitic stainle
tation is effec
s ions. Then, 
 diffraction pa
/13 stainless s
 lattice const
k indicates tha
. Furthermore,
e inclusions ar
inert gas atom
, the present 
results [12,7
gions decrease
 TEM bright fie
5x1020 io
h distribution p
ss steel measure
  Gustiono / J
tive in the sim
they also [8] 
tterns from so
teel implanted
ant obtained 
t the pressure
 Sakamoto et 
e formed by 
s in type-304 s
results in the 
,13] also re
 to the depth. N
ld image of aust
ns m-2 and (b) S
rofile of ions a
d using EDX an
ournal of Fundam
ilar way as ot
detected a sm
lid phase of X
 with 1x1021 X
from the bro
 in the inclusio
al [10] found t
agglomeration
tainless steel. 
next chapter a
vealed that 
ucleation of t
enitic stainless s
AD patterns cor
nd vacancies af
alysis (■) and c
ental Sciences Vo
| 55 | 
her 
all 
e+ 
e-
ad 
ns 
hat 
 of 
On 
nd 
the 
he  
martens
surface 
high con
 I
relation
of the K
the orie
probabl
and con
Johnson
relation
Frank d
 
teel 301SS imp
responded to im
ter implantation
alculated using 
l. 7, No. 1 (2011)
itic transform
layer to depth 
centration of 
n this wor
ships is found 
-S rules. Alth
ntation relatio
y related with
dition of bulk
 et al suggest
ship, it may 
islocation loop
lanted with 200 
plantation induc
 of 300 keV T
TRIM code com
 52-56. 
ation looks 
regions and no
implanted ions
k revealed 
agree with the
ough mechan
nship not we
 experimental
 materials, an
ed that the ob
be associated
s [14] in the im
keV Ti+ at room
ed martensite ph
 
i ions to dose 
puter program 
like to start 
t from the reg
.  
that the o
 orientation re
ism of the diff
ll understood
 condition suc
d implanted-
served N-W o
 with the exi
planted samp
 
 temperature to
ase  
of 5 x 1020 ion
(------) 
from the 
ions have 
rientation 
lationship 
erence of 
 but it is 
h as type 
ion types. 
rientation 
stence of 
les. 
 dose of 
s m-2 onto 
  
 
4
 
o
f
c
d
r
d
 
 
 
 
 
 
 
 
 
Figure 5: TEM
. CONCL
The TE
f the implant
seem to be st
rom the pe
oncentration. 
ifference (lar
ising the loca
ue to embed
REFERENCE
[1] E. Johnso
[2] E. Johnso
[3] E. Johnso
[4] N. Hayash
[5] N. Hayash
[6] E. Johnso
[7] I. Sakamo
[8] G. Xie, M
[9] H.H. And
[10] I. Sakamo
[11] E. Johnso
B39(1989
[12] A. Johan
Sakamoto
[13] N. Hayas
Transform
[14] T.M. Rob
 bright field im
USION  
M observation
ed surface fou
arted for nucl
ak position 
The regions 
ger concentrat
l stress concen
ded ions. Fu
S 
n, T. Wohlenberg
n, T. Wohlenberg
n, U. Littmark, A.
i and T. Takahash
i, I. Sakamoto an
n, A. Johansen, L.
to, N. Hayashi, B
. Song, K. Mitsui
ersen, J. Bohr, A. 
to, N. Hayashi, B
n, E. Gerritsen, N
) 573. 
sen, E. Johnson, 
, Nucl. Instr. and 
hi, E. Johnson, 
ation, Nara (The 
inson and M.L. Je
  Gustiono / J
age of austenitic
s for depth di
nd that the m
eation at surf
of highest 
have larger i
ion gradient) 
tration caused
rthermore th
, and W.A. Grant, 
, W.A. Grant, P. H
 Johansen and C C
i, Appl. Phys. Let
d T. Takahashi, J.
 Sarholt- Kristens
. Furubashi, and H
shi, and K. Furuya
Johansen, E. John
. Furubashi, and H
.G. Chechenin, A
L. Sarholt- sen, 
Meth, B50 (1990)
A. Johansen, L.
Japan Institute of 
nkins, Phil. Mag. 
ournal of Fundam
 stainless steel 3
stribution prof
artensite phase
ace region aw
implanted 
on concentrat
which may g
 by lattice str
e increasing 
Phase Transitions
ansen, and L.T.Ch
hristodoulides, P
t, 41 (1982) 1100
 Nucl. Mater, 128
en, L. Grabaek, N
. Tanoue, J. Appl.
, J. Nucl. Mater, 2
son, L. Sarholt-Kr
. Tanoue, Hyperfi
. Johansen, L. Sar
S. Steenstrup, E.
 119. 
 Sarholt-Kristens
Metals, Sendai), (
A43 (1981) 999.
ental Sciences Vo
| 56 | 
 
01SS implanted
ions m-2. 
ile 
 is 
ay 
ion 
ion 
ive 
ain 
the 
internal
implant
ACKNO
 
 T
Dr. No
Hiroshi
supervi
, 1(1979a) 23. 
adderton, J. Micr
hil. Mag. A, 45 (19
. 
/129 (1984) 756. 
. Hayashi, and I. S
 Phys, 68 (1990) 4
81 (2000) 80. 
istensen and V. S
ne Interactions, 4
holt- Kristensen, 
 Gerritsen, C.J.M
en, and I.Sakam
1986) 539. 
l. 7, No. 1 (2011)
 with 300 keV T
 stress near the
ation may indu
WLEDGEM
 
he author tha
rihito Sakaguc
 Kinoshita fr
sion during thi
oscopy, 116 (1979
82) 803. 
akamoto, Nucl. In
508. 
urganov, Phys. Re
2 (1988) 1005. 
H.A.A. Keetels, L
. KristenDenissen
oto, Proceedings 
 52-56. 
 
i+ at room temp
 surface introd
ce the transfo
ENT 
nks to Prof. 
hi, Dr. Tama
om Hokkaido
s research stud
b) 77. 
str. and Meth, B1
v. Lett, 59(1987) 
. Grabaek, and J.
, H. Keetels, J. 
of International
 
erature to dose 
uced by dama
rmation. 
Heishichiro T
ki Shibayama
 University f
y. 
9/20(1987) 171. 
1589. 
 Bohr, Nucl. Instr
Politiek, N. Hay
 Conference on 
of 5x1020 
ge due to 
akahashi, 
 and Dr. 
or theirs 
. and Meth, 
ashi, and I. 
Martensitic 
